We predict the existence of cavity-induced two-photon absorption in unidentical atoms, and demonstrate the nonclassical character of this two-photon absorption. We show the effects of photon statistics on cavity induced two-photon absorption. We also note the possibility of trapping states in the present system.
I. INTRODUCTION
The transition probability for two-photon absorption, as calculated first by Goepport Mayor ͓1͔, depends on the value of the two-photon matrix element defined by
where ជ and are, respectively, the amplitude and frequency of the electromagnetic field, E ji is the transition energy between atomic energy levels ͉i͘ and ͉ j͘, and d ជ is the dipole moment operator. The two-photon absorption will vanish if the matrix element ဧ becomes zero. Many examples are known in the literature, where ဧ can be zero ͓2,3͔. An example of a system which is particularly interesting consists of two unidentical two-level atoms A and B with transition frequencies A and B . Let us denote by ͉g͘ and ͉e͘ the lower and upper states of the transition. It can be seen that we have two different paths for two-photon absorption:
͑2͒
These two transition amplitudes interfere distructively if
and two-photon absorption vanishes under this condition. Note that Eq. ͑3͒ is also the condition of two-photon absorption ͓4͔, i.e.,
It has been argued in the literature ͓5,6͔ that interatomic interactions like dipole-dipole interaction will lead to nonvanishing ဧ as in the presence of dipole-dipole interaction the states ͉ j͘ as well as energies E ji become dependent on dipole-dipole interaction ͓5͔. It is also known that dipoledipole interaction arises from the exchange of a photon between excited and unexcited atoms ͓7͔. This suggests an interesting possibility of the existence of two-photon absorption in two unidentical atoms in a cavity. In a cavity the atoms interact with a common quantized cavity field and are effectively coupled. We would thus examine two-photon absorption by unidentical atoms in a single-mode cavity ͓8͔.
The resulting behavior will depend on the quality of the cavity. In addition, the nonclassical aspects ͓8͔ of two-photon absorption should be quite pronounced in a high-Q cavity.
We note that, in the case of a low-Q cavity, the cavity mode can be adiabatically eliminated and the problem essentially reduces to that of free space ͓5͔ with dipole-dipole interaction. In free space the dipole-dipole interaction arises from an infinite number of continuum of modes. In a low-Q cavity the leakage to the outside world is sufficient, and this coupling to the outside world provides the continuum of modes. The dipole-dipole interaction can cause two-photon absorption depending on the spatial separation of the two atoms. In a high-quality cavity we have a single mode that interacts with two atoms, and here the quantum correlations induced by the cavity field lead to two-photon absorption. It is shown in this paper that two-photon absorption arises regardless of the spatial separation of the atoms in the cavity. Thus in what follows we concentrate on two-photon absorption by unidentical atoms in a high-Q cavity ͓9͔. The organization of this paper is as follows. In Sec. II, we present basic equations for a system of two unidentical twolevel atoms interacting with the single-mode cavity field. In Sec. III, we present explicit results for two-photon absorption for a variety of the input states of the field. We identify terms in two-photon absorption which are due to the cavity. In particular, we discuss quantum correlations and the nonclassical character of two-photon absorption. The collapses and revivals in oscillations of atomic inversion are studied for the cavity field initially prepared in a state with photon number distribution with finite width. We also differentiate the results for unidentical atoms from those for identical atoms.
II. HAMILTONIAN
We consider two unidentical atoms interacting with a single-mode cavity field with annihilation and creation operators a and a † ͓10͔. The Hamiltonian of the system in a frame rotating with cavity frequency is 
